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Formulations of Cyclophosphamide Liguid Concentrate

Cross Reference to Related Applications

[001] This application claims the benefit of priority from US Provisional Application No.
61/991,247 filed May 9, 2014, the contents of which are incorporated herein by reference.

Field of the Invention

[002] The present invention is directed to improved cyclophosphamide formulations and

methods of making the same.
BACKGROUND OF THE INVENTION

[003] Cyclophosphamide is the generic name for 2-[bis(2-chloroethyl)amino]-tetrahydro-
2H-1,3,2-oxazaphosphorine-2-oxide monohydrate, a widely used antineoplastic drug
chemically related to the nitrogen mustards. Cyclophosphamide is one example of a group
of cyclic phosphoric acid ester amides which were disclosed and claimed in U.S. Pat. No.
3,018,302 granted Jan. 23, 1962 to H. Amnold et al. Cyclophosphamide is sold under the
proprietary name CYTOXAN. ENDOXAN and NEOSAR are other proprietary names for
similar pharmaceutical formulations of cyclophosphamide. The commercial
cyclophosphamide product is a sterile dry mixture of cyclophosphamide monohydrate.

[004] While the crystal form of cyclophosphamide used in these products is the
monohydrate, which is the easiest to isolate and with which to work, the anhydrous form
also exists. As used herein, the term "cyclophosphamide" refers generically to the drug
substance regardless of the crystal form, the term "cyclophosphamide monohydrate" refers
specifically to the monohydrate and the term "anhydrous cyclophosphamide" refers to the
anhydrous form. The monohydrate form is preferred for pharmaceutical processing, since
the anhydrous form readily picks up water to form the monohydrate when exposed to a
relative humidity of about 20-30% or higher at about 25°C. While the monohydrate is stable,
nonetheless, under dry conditions (e.g. a relative humidity of about 20% or less) the
monohydrate begins to lose this water of hydration which can reduce stability during

manufacturing. Because of stability limitations which may be due in part to ready inter-
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conversion between the anhydrous and monohydrate forms, it is recommended that storage
temperatures for cyclophosphamide products not exceed 30°C (86°F), and preferably be
stored at or below about 25°C (77°F).

[005] Currently, the parenteral dosage formulations of cyclophosphamide consist of sterile
packaged dry powder fill of cyclophosphamide monohydrate. The sterile powder is
dissolved in water or normal saline prior to administration, which can be oral as well as
parenteral. It is intended that the solution itself be administered promptly after being
prepared but it is satisfactory for use up to several hours after preparation. During processing
and/or storage of the currently available dry powder formulation, the product can acquire a
glassy and/or sticky nature resulting in an undesirable material with prolonged dissolution
times and decreased potency. This deterioration is more pronounced as storage time is
extended or if the upper limit of the storage temperature range is exceeded.

[006] A common practice used with constitution of sterile solids by a suitable aqueous
vehicle consists of warming the solution in the container to expedite the dissolution process,
especially when the solids dissolve slowly. A study examining the effect of briefly heating
cyclophosphamide solutions was reported by D. Brooke, et al. in American Journal of
Hospital Pharmacy, 32:44-45 (1975). This study concluded that warming vials of
cyclophosphamide in order to facilitate dissolution after adding an aqueous vehicle could
decrease the potency of the final injectable product. In summary, these stability limitations
and dissolution difficulties can often result in clinical usage of sub-potent cyclophosphamide

solutions.
SUMMARY OF THE INVENTION

[007] Therefore, an object of the present invention is to provide liquid cyclophosphamide
containing compositions which have improved solubility characteristics and enhanced
appearance, while maintaining a potency appropriate for a pharmaceutical dosage form.

[008] The invention includes cyclophosphamide-containing compositions such as
pharmaceutically acceptable cyclophosphamide containing solutions having extended
stability. The compositions include: a) cyclophosphamide; b) ethanol; and ¢) an ethanol

soluble acidifying agent.
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[009] Some preferred aspects of the invention include solvent systems include those which
contain ethanol and further excipients such as citric acid, calcium chloride dihydrate or a

combination thereof.
DETAILED DESCRIPTION OF THE IRVENTION

[0010] As mentioned above, the invention includes pharmaceutically acceptable
cyclophosphamide containing compositions, preferably in liquid form having extended
stability. Some broad aspects of the invention include cyclophosphamide containing
compositions which comprise cyclophosphamide, ethanol and an ethanol soluble acidifying
agent. Preferably, the cyclophosphamide containing compositions are in the form of a
substantially non-aqueous, ethanolic solution which is ready for dilution and administration
to a patient in need thereof.

[0011] The cyclophosphamide included in the compositions of the present invention is one
of the pharmaceutically acceptable forms of the molecule such as cyclophosphamide
monohydrate, USP or cyclophosphamide anhydrate.

[0012] The ethanol included in the compositions of the present invention can be any
ethanol, preferably an ethanol which meets the requirements of the U.S. or European
Pharmacopoeia. In certain aspects of the invention the ethanol is anhydrous.

[0013] The ethanol soluble acidifying agents included in the compositions described herein
can, in some embodiments, have pKa value less than 5.0. In many aspects, the ethanol
soluble acidifying agents are organic or inorganic acids which are suitable for inclusion in
parenteral compositions. For example, suitable acids include without limitation organic
acids such as succinic, acetic, lactic and tartaric acids and inorganic acids such as
phosphoric, sulphuric, hydrochloric and nitric acids... In some preferred aspects, the
acidifying agent included in the compositions is in anhydrous form. One particularly
preferable acidifying agent is citric acid anhydrous. In alternative aspects, the acidifying
agents can include a buffering agent such as pharmaceutically acceptable buffers which
include, without limitation, buffers such as citrate, phosphate, acetate, sulfate and HCI based
buffers. Generally, the amount of ethanol soluble acidifying agent included in the
compositions is an amount which is sufficient to keep the pH of the solution when diluted in

IV fluids at 20mg/ml cyclophosphamide concentration is between about 3 to about 4.
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[0014] The amount of ethanol soluble acidifying agent which is sufficient in some aspects of
the invention will range from about 0.2 to about 2% W/V of the composition prior to
dilution to the volume as administered to a patient. In some aspects, the amount of
acidifying agent is between 1.0 and 1.8 %W/V with about 1.6 being preferred. Alternative
aspects include amounts of from about 0.4 to about 0.8% %W/V and amounts from about
0.4 to about 0.6% %W/V. Illustratively, this can be equivalent to concentrations of from
about 1 to about 8 mg/ml, from about 2 to about 6 or from about 2 to about 4 mg/ml of the
ethanol soluble acidifying agent in the composition (prior to dilution for patient
administration). For purposes of illustration, a composition containing 200 mg/ml
cyclophosphamide can contain about 4 mg/ml citric acid while a composition containing
400mg/ml cyclophosphamide can contain about 8 mg/ml citric acid. Thus, a suitable ratio
of drug to acidifying agent in the ethanol composition can be 50 mg of drug: 1 mg acidifying
agent. It will be understood by those of ordinary skill that the amount of the ethanol soluble
acidifying agent which is sufficient can vary somewhat depending upon the acidifying
agent(s) selected. While the amount required will typically be within the above-mentioned
ranges, specific amounts for any acidifying agent will be readily determined by those of
ordinary skill.

[0015] The concentration of the cyclophosphamide in the inventive solutions prior to
dilution and administration to patients is in many aspects from about 100 to about 600
mg/ml, or from about 250 to about 550 mg/ml. In other preferable embodiments, the
cyclophosphamide concentration is about 200, 400 or 500 mg/ml. Such aspects of the
invention are for storage purposes typically. As will be understood by those of ordinary
skill, the highly concentrated alcohol-based compositions will typically undergo significant
dilution prior to IV or parenteral administration to a patient in need thereof.

[0016] In further embodiments, the inventive cyclophosphamide containing solutions
include a source of chloride ions either in addition to or in place of the ethanol soluble
stabilizing agent. The amount of included is an amount which is sufficient to achieve the
desired long term storage stabilizing effect on the cyclophosphamide. In many
embodiments, the amount of stabilizing agent is from about 1 to about 5 mg/ml of the ready
to dilute composition. Suitable sources of chloride ions are those which include chloride
containing salts, such as calcium chloride dihydrate. Alternatives include without limitation,

4
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choline chloride and magnesium chloride hexahydrate. Alternatives will be apparent to
those of ordinary skill.

[0017] The pharmaceutically acceptable cyclophosphamide containing solutions can also
include an anti-oxidizing agent such as, for example, thioglycerol, propyl gallate,
methionine, cysteine and combinations thereof. Thioglycerol is a preferred antioxidant.
Useful concentrations of the anti-oxidant in the inventive compositions can be range from
about 1 to about 8 mg/ml.

[0018] The cyclophosphamide containing compositions, i.e. solutions described herein have
significantly improved shelf lives. In certain aspects of the invention, the
cyclophosphamide-containing solutions maintain at least about 90% or about 95%, and
alternatively, at least about 97% cyclophosphamide content after about 18 months at a
temperature of about 5°C. Along with these advantages, the compositions claimed herein are
distinguishable from currently marketed products because the inventive liquid formulations
do not require 30 minute constitution time and can be diluted directly in the vial containing
the cyclophosphamide to a concentration of 20 mg/ml or into an infusion bag.

[0019] The compositions of the present invention in some alternative aspects of the
invention can include supplemental solubilizing agents such as propylene glycol in amounts
from about 5 to about 30% v/v. In these alternative aspects, the amount of ethanol in the
ready to dilute composition would be at least about 70% v/v or about 80% v/v. One suitable
solvent system in accordance with this aspect of the invention provides cyclophosphamide
compositions which contain about 70 % ethanol, about 30% propylene glycol, and about
0.5% thioglycerol.

[0020] The invention further includes pharmaceutically acceptable containers containing the
pharmaceutically acceptable cyclophosphamide containing solutions described herein. The
containers can be single use or multiple use vials containing one or more typical doses of the
drug. Broadly speaking, the containers will include cyclophosphamide solutions containing
from about 0.1 g to about 4 g of the drug. Some other aspects of the invention include
containers in which there are about 500mg, about 1 gram or about 2 grams of
cyclophosphamide in ethanol that are ready to dilute with an IV infusion fluid in the vial
containing the drug. For example, a container or vial containing 500mg of
cyclophosphamide can include about 2.5 ml of the composition at a concentration for the
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cyclophosphamide of 200mg/ml and include room therein for the diluent. Similarly,
containers designed to hold 1 or 2 grams of cyclophosphamide will contain about 5 ml or 10
ml of a 200 mg/ml cyclophosphamide composition described herein and proportionally less
volume when the concentrations are 400 or 500 mg/ml, i.e., a container holding 2 grams of
cyclophosphamide can also be prepared using 5 ml of a 400 mg/ml cyclophosphamide
composition described herein. Alternatively, containers with 1, 2 or 4 ml of a 500 mg/ml
composition, optionally with space therein for dilution are also contemplated.

[0021] In use, the containers either allow for a diluent to be added thereto or be designed to
allow the needed dose to be drawn up and placed into a suitable larger volume bag or other
container. In either case, the containers will allow dilution of the highly concentrated
solutions described herein. Suitable diluents include those well-known to those of ordinary
skill such as normal saline (0.9% NaCl in water), water for injection (WFI), half-normal
saline (0.45% NaCl in water), DsW and DsW/normal saline, etc.

[0022] The cyclophosphamide concentrate can be filled into 25 or 30cc vials for 500mg
strength, 50cc vial for 1g strength and 100cc vial for 1g strength. Appropriate amount of
diluent or infusion fluid can be added thereto to obtain a final cyclophosphamide
concentration of 20mg/ml for direct infusion. The following table summarizes the fill
volumes and the diluent required to make 20 mg/ml cyclophosphamide form various
concentrates.

[0023] Table A: Fill volumes for various concentration of Cyclophosphamide
concentrate and diluent required to make 20mg/ml cyclophosphamide

concentration
Fill Volume (mL) Amount of diluent added
Concentration (mL)

500mg g 2g | 500mg g 2g

200mg/ml 2.5 5 10 22.5 45 90
375mg/ml 1.33 2.67 533 | 23.67 | 47.33 | 94.67

400mg/ml 1.25 2.5 5 2375 | 475 95

500mg/ml 1 2 4 24 48 96
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[0024] This solution can be further diluted in IV bags to obtain 2mg/ml solution for slow IV
infusion.

[0025] The concentration of the cyclophosphamide in liquid when administered to a patient
will vary according to the needs of the patient. Some suitable concentrations for
administration to patients include 20 mg/ml or 2 mg ml. The ratio of drug to liquid diluent
can be from about 1:1 to about 1:100.

[0026] The invention also includes methods of treating a cyclophosphamide responsive
conditions in mammals. The methods include administering an effective amount of a
pharmaceutically acceptable composition containing the pharmaceutically acceptable
cyclophosphamide containing solutions described herein to a mammal in need thereof. The
amounts of drug and frequency of administration will be apparent to those of ordinary skill.
Applicants incorporate herein by reference the FDA-approved package insert documents for
cyclophosphamide products.

[0027] For purposes of the present invention, maintenance of cyclophosphamide content in
the solutions shall be understood to mean the amount of cyclophosphamide content as
compared to the initial amount as determined by high performance liquid chromatography
(“HPLC”), such as after a period of about 18 months at a temperature of from about 5° C.
The amount of lost drug content is thus calculated as being based upon the original amount

cyclophosphamide being present in the composition or formulation.

EXAMPLES

EXAMPLE 1 Comparative

[0028] Alam et al in US Pat. No. 4,879,286 disclosed solutions of cyclophosphamide for
parenteral or oral administration. The formulations included cyclophosphamide is dissolved
in a solution containing an organic solvent, such as a polyol, preferably propylene glycol,
polyethylene glycol or glycerol, or combinations thereof. Their stability data indicated that
the polyol-based non-aqueous formulations did not have adequate stability to obtain FDA
approval.

[0029] To compare to the work of Alam et a/, eleven formulations using different

combinations of propylene glycol, polyethylene glycol and water for injection were prepared
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for a comparative example included in the current work. The cyclophosphamide
concentration in these formulations varied from 5mg/ml to 100mg/ml. The tested
formulations and their stability data are presented in Tables 1, 2 and 3 below.

{00301 Table 1: Cyclophosphamide formulations

Solvent Amount of solvent(% )Y Formulation #
Formulation #— i 203 4 5 | 6 | 7 8 g 18 11
Propylene Glycol 25 25 25 25 50 | 80 | 80O

Polyethylene Glycol 28 | 20
Glyeerol 25 | 25 25 | 25 30
Water 75 175 | 50 1100 0 75 1 75 | 50 | 100 |
Cyelophosphamide(mg/ml) | S 5 5 15 20 1201200 20 | 206 | 20 | 100

[0031] Table 2: Stability of Formulation 1-11 at Room Temperature

Formulation Yo of initial (Weeks)
Initial | 1 2 9
1 100 | 835|717
2 100 | 80.8 | 70.2
3 100 | 848|737
4 100 | 81.4 | 696
5 100 | 833722
& 100 | §1.5 | 70.1
7 100 | 856 76.1
8 100 [ 81.81705| 0.1
g 100 1976941744
16 160 | 98.9197.1 | 86.6
i1 100 1 96.7 | 88.0

[0032] Table 3: Stability of Formulation 8-11 at 4°C

N ., % of initial (Weeks)
Formulation por = T g [ 17 ] 13
8 100 1977 95.0 87.0 | 70.8
9 100 1994993 96,2
10 100 19921 985 08.7
11 100 994 973

[0033] Formulations 1 to 8 contained varying amounts of water. The data indicated that the
degradation levels increased in the presence of water. Formulations 9-11, like the prior art
‘286 patent formulations, are totally organic solvent based formulations, and showed

8
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significant degradation when stored at room temperature. The degradation was observed
even under the refrigerated conditions. For example formulation 11 showed about 2.7%
potency loss when stored at 4°C for 9 weeks, which means more than 10% potency loss will
be observed at the end of one year storage at 4°C. Such levels of degradation are not
acceptable as commercial products. Furthermore, cyclophosphamide administered at a
concentration of 20mg/mL such as in formulations 9-11 is highly hypertonic and wiil cause
hemolysis or other blood incompatibilities such as phlebitis in the patients. Thus, these

formulations are not suitable as parenteral product.

[0034] The solution stability of cyclophosphamide at 500 mg/ml in ethanol/PEG 400,

cthanol/propylene glycol and PEG 400/propylene glycol mixtures with and without citric
acid was also studied. The solution stability was not satisfactory for many of the
combinations as the solutions often turned yellow in color and the potency loss even at 5°C
storage was significant. Some solutions turned hazy after one month storage at 5°C. The
long term stability data (18 months) of cyclophosphamide solution in various combinations

of the mixed solvents are summarized in Table 4.

[D035] Table 4: 18-month stability of Cyclophosphamide (500mg/ml) in mixed

solvent stored at 8°C

% @
Solvent Combination sz;f;t;gwﬁ u/:; t?ji Appearance
Ethanol: PG (50:50) 381.2 77.8 Hazy
PEG 400: PG (50:50) 329.9 67.8 Hazy
Ethanol: PEG 400 (50:50) Not assayed Hazy
PEG 400: PG (90:10) Not assayed Hazy
Ethanol: PG (50:50) with CA (8 mg/ml) 396.3 79.9 Hazy
PEG 400: PG (50:50) with CA (8 mg/mi) 328.3 66.5 Hazy
Ethanol: PEG 400 (50:50) with CA (8 mg/m}) 427.7 8§2.3 Hazy
PEG 400: PG (90:10) with CA (8 mg/ml) Not assayed Hazy
Ethanol: PG (50:50) with TG (5 mg/ml) 451.6 L 907 Clear
PEG 400: PG (50:50) with TG (5 mg/ml) Not assaved Hazy
Ethanol: PEG 400 (50:50) with TG (5 mg/ml) 435.6 88.2 Hazy
CA: Citric acid TG: Thio Glycerol

[0036] In order to provide suitable, ready to dilute parenteral formulations, degradation of

the cyclophosphamide must be minimized as much as possible. Ideally, for cancer drugs, it
is preferable that degradation not exceed more than 3-5% during the storage period whether

it is 18 months or 24 months.
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EXAMPLE 2

[0037] Since cyclophosphamide is essentially a highly water soluble drug and Alam ez al in
US Pat. No. 4,879,286, tested Jow drug concentrations, the expectation was that organic
solvents would limit the solubility attainable with acceptable parenteral solvents.

[0038] In this example, studies were initiated to determine the solubility of
cyclophosphamide monohydrate in pharmaceutically acceptable solvents such as propylene
glycol, polyethylene glycol and ethanol. It was surprisingly found that the solubility of
cyclophosphamide monohydrate was in excess of 500 mg/ml in each of these solvents. The
advantage of making a 500 mg/ml solution is that when diluted to achieve the desired 20
mg/ml solution of cyclophosphamide, suitable for intravenous administration, the organic
solvent concentration in the admixture is less than about 3% which is a safe level to
administer intravenously.

[0039] Since these solvents provided more than adequate solubility, the stability of the
solutions containing cyclophosphamide at a concentration of 5 00mg/ml was examined. The
data obtained from studies in pure solvents, however, was not satisfactory. Significant
degradation was observed when PG and PEG 400 were used as sole solvents with the
solutions turning visibly yellow in color upon storage at all temperature conditions.
However the stability of cyclophosphamide in ethanol appeared to be si gnificantly better
compared to the other two solvents and the data obtained are summarized in Table 5.
Although significantly better than the partly aqueous data presented by Alam and the ‘286
patent supra, the ethanol alone data indicated that a commercially viable product with
acceptable levels of degradation would still be difficult to attain.

[0040] Table 5: Stability of Cyclophosphamide Liquid Concentrate in Ethanol

at 25°C
Storage CPP % of
Period | Comtent | gl
(mg/mL)

Initial 454.6 100.0
1w 453.8 99.8
2W 453.6 99.8
3w 449 .4 98.9
1M 449.2 98.8
M 425.2 93.5

10
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[0041] In order to further improve the drug’s stability in ethanol it was necessary to consider
the degradation chemistry of cyclophosphamide. It is known that cyclophosphamide
hydrolyzes in water to form four major degradation products described in the USP
monograph as Related Compounds A, B, C, and D. The mechanisms involving a direct
hydrolysis for RC-A and RC-C and an internal displacement of HCI for RC-B and RC-D
were first proposed by Friedman (J. Amer. Chem. Soc. 1965, 87, 4978-9) and subsequently
refined by Gilard et a/ (J. Med. Chem. 1994, 37, 3986-93) and are summarized below:

Cl
cl NH,
F /N \ CN /o H
N—P—O0O e 30 + P
- N HO 'P\_O JRUEPE ¥ HO—P—O
L ) ~ ° k
cl ci Q
H20
cP RC-A RC-C
o)
\\“ A‘""‘“\ L
!{l »-'! '// H‘q AAAAAA
{0 N
S B 3 A \
- % & a i
o / et 4N i 6 e | ’;‘. ;
o i Hih- 33;1:::: b
O
o RC-B RG-D

[0042] Gilard had reported that the aqueous stability of cyclophosphamide was best at a
moderately acidic pH. Consequently, the effects of small quantities of anhydrous citric acid
which is soluble in ethanol were examined. In addition, the effect of added chloride ions,
which would be expected to retard the elimination of the cyclophosphamide chlorine ion,
was examined. This was achieved by the addition of calcium chloride dihydrate which was

soluble in ethanol. The results are described in Table 6.
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[0043] Table 6: Stability of Cyclophosphamide {CPP) in Ethanol Containing Citric
Acid and Calcium Chioride

Excipient | Storage | Storage | CPP Conient Y of
TC | Peviod(M) | (mg/ml) Initial
Initial 451.9 160.0
25 1 448.0 99 1
Citric acid 3 3.6 953
2 mg/ml 15 6 137.9 96.9
. 6 440.0 97.4
- 18 451.6 99.9
Tnitial 4253 100.0
o 25 1 43277 1017
Citric acid 3 413.8 97.3
4mg/ml
15 & 419.0 98.5
. 6 4200 98.8
v 18 4337 102.0
Initial 4532 100.0
- 25 1 4596 101.4
Céﬁ;ﬁid 3 4314 95.2
15 & 4450 98.2
5 6 4450 98 .4
18 448.0 98.9
Intial 4921 100.0
25 1 491.0 99 R
Citric acid 3 461.0 §3.7
8 mg/ml 15 6 467.9 95.1
< 6 489.5 995
l 18 NA NA
Initial 4947 100.0
o 25 i 493 6 999
Citric acid 3 465.0 941
10mg/ml - - .
15 5 465.3 94.2
s 6 488.9 9%.9
) 18 4733 95.8
Initial 55017 100
Calcium 25 1 551, 100.1
Chloride 3 5239 5.0
Dihvdrate - e
e/l 1§ 3 5425 98.5
= - 6 5450 | 99.0
. 138 545.8 99,1

12
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[0044] The inclusion of citric acid improved the drug stability to the extent that a maximum
of 97.3% of the drug content was retained after 3 months at 25°C compared to 93.5%
observed after only 2 months at 25°C without citric acid.

[0045] The presence of calcium chloride was also beneficial, demonstrating the stabilizing
effect of additional chloride ions. The presence of the dihydrate did not seem to induce any
changes resulting from hydrolysis in the same way that the bound hydrate of
cyclophosphamide seems to have no destabilizing effect.

[0046] The samples were then stored at 5°C over 30 months and analyzed. The stability
data are summarized in the Table 7 below:

[0047] Table 7: Long term Stability of Cyclophosphamide Ethanolic Solution Stered

at 5°C
Concentration of " % of Cyclophosphamide
Cyclophosphamide/citvic acid Assay time (months) 3ret§ines§

500/0 32 89.0
500/2 31 89.1
500/4 31 89.4
500/6 31 88.6
500/8 30 93.3
500/10 30 92.4

Note: the above data generated by NMR analysis.

[0048] The longer term data at 5°C indicated no essential change in drug content over a
period of 18 months for the formulations, see for example samples containing 4 -6 mg/mL
citric acid, which indicates that such formulations are commercially desirable due to their

long term stability.

EXAMPLES 4-8
[0049] A test of stability at a different concentrations and different size of the vial was

conducted to observe any evaporative loss of ethanol. The stability data presented in Table
8.

13
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[0050] Table 8
Example CPP/CA mg/vial Stm"a:ge % CPP
Mo, condition NME | BPLC
ysec |PM_P06 | 883
oM 1789 | 78.8
4 | 375/45 2g/‘}i(;?cc 15°C |6M 1067 | 95.5
M ooa | 997
YO M bea Tooi
"M 72 | 867

25°C |-
, oM 1745 | 747
5 | 500/60 23;3;“ 15°C |6M 1957 | 954
o PM_93 1005
6M 1956 | 98.6
Jooe M58 [ 968

6M 1884 | 896
15°C 16M 977 | 972
M 997 | 994
6M 996 {1002
25°C |6M  [882 | 882
22?6”2“4 500mg/25ce [T5oC [6M 198.0 | 98.8
(300me) vial 5°C lsM 1995 | 994
3M 956 | 96.7
500/ 6.0 50913%25% "M B75 | 866

e @l IM 999 | 1015
6M 997 11005
o 3M 23 o3
tgSoce | 2°C e TR
8375760 vial 3M 1994 1011

6M  [99.3 100.6

200/2.4 1g/50¢cc
{(1g) vial

~J

[0051] No weight loss, due to evaporation of ethanol, was observed in any of the stoppered

vials at all storage conditions and time points.
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WHAT IS CLAIMED IS:

1. A cyclophosphamide containing composition having extended stability, comprising:
a) cyclophosphamide;
b) ethanol; and

c) an ethanol soluble acidifying agent.
2. The cyclophosphamide containing composition of claim 1, wherein the composition is a
solution.
3. The cyclophosphamide containing composition of claim 2, wherein the ethanol soluble

acidifying agent is an organic or inorganic acid.

4. The cyclophosphamide containing composition of claim 3, wherein the ethanol-soluble

acidifying agent is citric acid or anhydrous citric acid.

5. The cyclophosphamide containing composition of claim 2, wherein concentration of the

cyclophosphamide is from about 100 to about 600 mg/ml.

6. The cyclophosphamide containing composition of claim 5, wherein concentration of the

cyclophosphamide is from about 200 to about 550 mg/ml.

7. The cyclophosphamide containing composition of claim 6, wherein concentration of the

cyclophosphamide is about 200 or about 400 mg/ml.

8. The cyclophosphamide containing composition of claim 2, wherein said cyclophosphamide

is cyclophosphamide monohydrate.

9. The cyclophosphamide containing composition of claim 2, wherein the citric acid is present

in an amount of from about 0.2 to about 2.0 % W/V.
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10. The cyclophosphamide containing composition of claim 9, wherein the citric acid is present

in an amount of from about 0.4 to about 0.8% %W/V.

11.  The cyclophosphamide containing composition of claim 10, wherein the citric acid is

present in an amount of from about 0.4 to about 0.6% %W/V.

12. The cyclophosphamide containing composition of claim 1, further comprising a source of

chloride ions.

13. The cyclophosphamide containing composition of claim 1, further comprising an anti-

oxidizing agent.

14. The cyclophosphamide containing composition of claim 13, wherein the anti-oxidizing
agent is selected from the group consisting of thioglycerol, propyl gallate, methionine, cysteine and

combinations thereof.

15. The cyclophosphamide containing composition of claim 14, wherein the anti-oxidizing

agent is thioglycerol.

16. A cyclophosphamide containing composition according to claim 2, wherein the solution
maintains at least about 95% cyclophosphamide content after about 18 months at a temperature of

about 5°C.

17. A cyclophosphamide containing composition according to claim 7, wherein the solution
maintains at least about 97% cyclophosphamide content after about 18 months at a temperature of
about 5°C.

18. A container comprising therein the cyclophosphamide containing solution of claim 1, and

the amount of cyclophosphamide in said solution ranges from about 0.1 g to about 4 g.
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19.  The container of claim 18, wherein the amount of cyclophosphamide in said solution is

about 500mg, about 1 gram or about 2 grams

20. The container of claim 2, further comprising a pharmaceutically acceptable liquid diluent
and the ratio of the cyclophosphamide containing solution to the liquid diluent is from about 1:1 to

about 1:100.

21.  The container of claim 20, wherein the ratio of the cyclophosphamide containing solution to

the liquid diluent is about 1:25.

22. The container of claim 20, wherein the diluent is selected from the group consisting of 0.9%

NaCl, water for injection (WFI) half-normal saline, DsW and DsW/normal saline.

23. The container of claim 20, wherein the diluted cyclophosphamide containing solution

includes 20 mg/ml cyclosphosphamide and the solution has a pH of from about 2 to about 5.

24, A method of treating a cyclophosphamide responsive condition in a mammal, comprising
parenterally administering an effective amount of a pharmaceutically acceptable composition
containing the pharmaceutically acceptable cyclophosphamide containing solution of claim 1 to a

mammal in need thereof.
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